Introduction
Extramedullary hematopoiesis (EMH) is a physiological compensatory phenomenon in response to altered hematopoiesis occurring secondary to inadequate bone marrow function [1] [2] [3] [4] . It often occurs in hemoglobinopathies, hemolytic anemias, leukemias, lymphomas, and myeloproliferative disorders [5] . EMH in the medical literature was commonly found in the liver and spleen whereas it is rarely seen in adrenal glands, breast, dura mater, and bowel [1] [2] [3] [4] . All these extramedullary sites are thought to be engaged in active hematopoiesis in fetal life which normally stops at birth, but can retain this function under long-standing circumstances leading to ineffective red blood cells formation [1] . EMH in the adrenal gland is rarely reported and may be clinically detected as incidental myelolipoma [6, 7] . In patients presenting with agnogenic myeloid aplasia and beta-thalassemia, careful imaging studies and adrenal hormonal investigations are required to exclude malignancy and subclinical hypersecretory syndromes [7] . Ultrasonography (US) and computed tomography (CT) scans are the most widely used medical imaging techniques. Adrenal lesion is managed conservatively in asymptomatic patients but symptomatic patients may require blood transfusion, radiotherapy, hydroxyurea or surgical resection [1] . Herein, we report a rare case of right adrenal myelolipoma in a 48-year old woman who had hematologic disorder.
Case report
A 48-year old previously healthy Pakistani female admitted with a history of repeated on and off vomiting, right hypochondrial pain, for the last two years with a fullness of the right side of the abdomen. The patient gave no history of urinary symptoms or altered bowel habits.
Clinical presentation
Past medical history was unremarkable apart from heavy menstruation and iron deficiency anemia for which the patient was maintained on iron tablet for more than 10 years. On examination, fullness of the abdominal right upper quadrant was obvious with a large palpable firm mass with a rounded surface and ill-defined borders.
Laboratory findings
Blood investigation showed chronic microcytic iron deficiency anemia with hemoglobin count 6-10 g/dL on different occasions. Hemoglobin electrophoresis revealed beta-thalassemia trait. 
Imaging studies
The ultrasound scan of abdomen revealed well-defined hyperechoic heterogeneous mass in the right upper quadrant (Fig. 1) . It measured approximately 16.6 × 8.9 cm with smooth outline and was associated with minimal vascularity.
Computerized tomography scan of the abdomen with oral and intravenous contrast showed a well-defined encapsulated retroperitoneal lesion (Fig. 2) . It was of mostly fat density with internal areas of soft tissue density in the hepatorenal space which Magnetic resonance imaging (MRI) showed large right-sided retroperitoneal predominantly fatty mass in the location of right adrenal gland which measured 15.6 × 11.7 × 10.4 cm (Fig. 3) . The mass was definitely extra-renal in location pushing the right kidney down. It rose from behind the right aspect of the pancreas, IVC and second/third part of duodenum which expanded along the anterior aspect of the mass and indented over the right liver lobe margin without definite infiltration. The mass demonstrated some soft tissue nodular and linear strand-like areas which showed mild enhancement on post-contrast images. Findings of imaging studies were consistent with right adrenal myelolipoma.
Histopathology
The right adrenal mass specimen weighed 980 g and measured 16 × 11 × 10 cm which had a dense capsule covering in most of the area except for 5 × 5 cm area. Cross-section consisted of adipose tissue with areas of hemorrhage. Representative sections were taken and processed in 17 cassettes. Immunohistochemical staining was performed for CD68, CD3, CD20, myeloperoxidase, glycophorin A, inhibin and calretinin (controls checked). The histomorphology and immunohistochemical staining profile were compatible with extramedullary hematopoiesis with erythroid and myeloid precursors, and megakaryocytes.
Management and hospital course
Patient underwent open surgical resection of the mass and the post-operative hospital course was uneventful. The patient was dis- charged to home on the 2nd post-operative day. The patient was then seen in the outpatient department within a week and was doing well.
Discussion
To the best of our knowledge, this is a rare case of adrenal EMH in Qatar. Adrenal myelolipomas are rare tumors frequently discovered incidentally during imaging studies or autopsies [8] . The proportion of adrenal mass discovered incidentally in imaging studies was estimated as 1-5% of all abdominal CT scans performed [8] . A previous study in Qatar showed a similar prevalence; one percent of patients who underwent abdominal CT scan for various reasons had adrenal incidentaloma [9] . Nearly 8% of these patients were diagnosed with myelolipoma [9] . Previous study revealed that there is no gender predilection [9] but advanced age is associated with greater susceptibility for mass development [10] . Lam and Lo demonstrated that these tumors are more likely to be observed in patients with age range 41-84 years [11] .
Myelolipomas are usually non-functional and asymptomatic [3, 7, 12, 13] , but our patient presented with recurrent abdominal pain, more likely due to compression effect of the larger mass on the adjacent organs [4] . Adrenal mass size in the present case was larger when compared with most of the cases in previous reports (Table 1) . Our previous study showed that younger individuals (<44 years) had larger tumors (>4 cm) when compared with elderly patients [9] . In addition, adrenal masses were usually reported on the left side in females and right-sided in males [9] . However, Lam and Lo showed that adrenal masses were equally distributed on each side [11] and Kenney et al. [14] reported right-side predilection. Although, myelolipomas are normally less than 4 cm in diameter, they can attain very large sizes greater than 10 cm in diameter. In our cases, it was measured approximately 16 cm and weighed around 980 g. The largest adrenal myelolipomas reported previously weighed around 6000 g [15] .
Myelolipomas are usually composed of fat and hematopoietic cells [10] . Hematopoietic cells include myeloid, erythroid and megakaryocytic cells lines. EMH was evident in our case following immunohistolochemical staining and histomorphological analysis. This suggests that myelolipomas originate from reticuloendothelial cells of the blood capillaries. Multiple case reports described the defects in hemoglobin production associated with sickle-cell disease [4] , hemoglobin H constant spring disease [16] , thalassemia [3, 7, 12, 13, 17, 18] and impaired red blood cell membrane production linked with hereditary spherocytosis [19] as pathological causes of EMH in the adrenal gland (Table 1) . Apart from these haemoglobinopathies, King et al. cited agnogenic myeloid metaplasia, a rare myeloproliferative disorder, as another pathological cause [20] .
Our patient had iron deficiency anemia and hemoglobin electrophoresis study revealed beta-thalassemia trait. Coexistence of iron deficiency anemia and beta thalassemia trait can potentially confound the diagnosis of the latter and therefore iron deficiency should be detected and resolved in patients with suspicion of beta thalassemia trait [21] . As mentioned earlier, multiple reports were published on adrenal EMH in patients with thalassemia [3, 7, 12, 13, 17, 18] . Porcaro et al. [7] reported adrenal EMH in a 10-year-old Caucasian female with beta thalassemia. Histopathologic examination revealed hematopoietic cells at various stages of maturation with predominance of the erythroid cell lines [7] . Similarly, Chuang et al. reported palpable non-tender mass in the right subcostal area in a 27-year old female, in whom the EMH tumor was confirmed with surgical exploration and biopsy [12] . Karami et al. [3] and Keikhaei et al. [17] recently reported beta thalassemia associated adrenal EMH among young Iranian male patients. Evidence suggests that beta thalassemia is the most common autosomal disorder in Iran but adrenal EMH among thalassemia patients are very rare [22] Although CT scan is the most sensitive imaging study in diagnosis of myelolipomas, US and MRI are also effective, percutaneous biopsy is preferred when imaging findings are indeterminate [14, 23] . The patient with normal adrenal function may be explored or a fine-needle aspiration may be required when malignancy is suspected. Endocrinal evaluation is not needed as myelolipomas are nonfunctioning tumors. The differential diagnoses are renal retroperitoneal lipoma, angiomyolipoma, and liposarcoma [24] .
Management of adrenal myelolipoma is mainly based on the symptoms and tumor size and function. However, the recommended follow-up and tumor size for surgical intervention slightly vary in the literature. Karami et al. advocated that small asymptomatic lesions of < 5 cm are usually observed for 1-2 years with imaging controls [3] or with 6-12 monthly follow-up according to Chakrabarti [25] . Chakrabarti et al. also agreed for reserving surgery for symptomatic patients or tumors >10 cm due to potential risk of malignant change and hemorrhagic complications [25] . Yalagachin and Bharath [26] concluded that functional and/or ≥6 cm tumors should be treated with adrenalectomy, whereas nonfunctioning tumors ≤4 cm with benign imaging characteristics could be followed conservatively. On the other side, radiographic characteristics, growth, and patient concern should be considered before the decision for lesions between 4 and 6 cm. The tumor size for surgery and management algorithm are different in cases with paraspinal extramedullary hematopoiesis [27, 28] .
This will prevent possible urological emergency developed from spontaneous rupture and hemorrhage of the mass that leading to fatal cardiovascular shock [29] . Laparoscopy is the standard procedure adopted in terms of minimal blood loss, low postoperative complications as well as shorter hospital stay and convalescence time [30] . On the other hand, open resection is performed in voluminous tumors greater than 10 cm in diameter or malignant tumors that require a wide resection with significant margins to avoid future carcinogenic development [23] . In our case the adrenal mass was large and removed successfully by open resection.
Conclusion
EMH could be presented with several clinical hematological disorders. Surgical management becomes inevitable in certain adrenal EMH cases especially in the presence of large adrenal mass.
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